INTRODUCTION: Nanotechnology has been greatly utilized for bone regeneration strategies. It helps overcome some of the current limitations associated with bone regeneration methods Propolis is a natural substance made by the honeybee, it has effective antioxidant, antimicrobial, and anti-inflammatory effects. Moreover, it has multiple biological effects including improvement of wound healing and bone regeneration. OBJECTIVES: comparison of the effectiveness of NanoBone graft and propolis material on the inter-radicular bone regeneration in Mongrel dogs.
INTRODUCTION
Periodontitis is one of the most common diseases encountered by humans affecting about 10-15% of most populations (1) . It is a set of inflammatory diseases secondary to infection by periodontal bacteria. Periodontitis affects the periodontium that surrounds and supports the teeth, resulting in progressive loss of connective tissue attachment and supporting alveolar bone leading to formation of osseous defects or deformities (2) .
Such periodontal bony defects must be treated to avoid interference with pocket elimination and recurrence of the disease (3) . One of the main objectives of periodontal therapy is regeneration of the periodontium, including restoration of the alveolar bone defects, lost cementum and lost periodontal ligament caused by the disease (4, 5) .
Periodontal regeneration can be achieved by different approaches, including the use of bone grafts, guided tissue regeneration, and growth factors (6) . Guided tissue regeneration (GTR), imply the use of barrier membranes to delay the apical migration of the gingival epithelium. Thus allowing the cells derived from the periodontal ligament to repopulate the space adjacent to the denuded root surface (5) . To support these barrier membranes, preventing their collapse, and promote bone formation, GTR has often been combined with the placement of bone grafts. Different types of bone grafts are utilized in bone grafting procedures; these include autogenous bone grafts, allografts, xenografts, and alloplasts. One of the most widely used non-bone grafts are synthetic alloplastic grafts especially bioceramics such as hydroxyapatite and β-tricalciumphosphate (7) . Alloplasts overcome the limitations of other bone grafts such as donor site morbidity of autogenous grafts (8) and the possibility of disease transmission of allografts (9) .
However, the high sintering temperature during the processing of bioceramics negatively influences their osteoconductivity, delays their resorption at the implantation site and may even induce chronic inflammatory processes (10) . New nanostructured materials could overcome these disadvantages.
Nanotechnology has emerged to be one of the most powerful engineering approaches in the past half century. Nanotechnology represents the science that manipulates atoms and molecules at the nanometer scale. One amazing application of nanotechnology is to synthesize nanomaterials that mimic the structure of natural tissues providing the proper extracellular environment for tissue repair and regeneration (11) .
NanoBone graft material is a recently developed and approved granular material used in bone regeneration; it consists of synthetic nanocrystalline hydroxy-appatite embedded in a silica gel matrix mimicking the structure of normal bone tissue (12) . NanoBone graft possesses several properties that enhance bone regeneration. It has similar architecture to normal bone which enhances blood circulation within the NanoBone graft (13) . The nanoroughness on the surface of the graft is the same as that of normal bone which provides a better medium for osteoblasts to grow and function (14) . It also has a large surface area to volume ratio that increases adsorption of proteins such as fibronectin and vitronectin which mediate osteoblastic adhesion. So unlike other synthetic bone substitutes, NanoBone graft has osseoconductive and osseopromotive properties (15) .
Another recent treatment approach used for bone regeneration is the use of antioxidant therapy. Antioxidant therapy affects bone metabolism via inhibition of osteoclastic activity and promotion of osteoblastic activity (16) . Numerous studies have demonstrated a correlation between oxidative stress and bone metabolism. One of the most powerful natural antioxidants is Propolis which is a sticky resinous substance made by the honeybee. Over 300 biologically active substances have been isolated from propolis, the most important among them are flavenoids, phenolics and aromatic compounds. One of the main phenolic compounds found in propolis is caffeic acid phenethyl ester (CAPE) (17) . CAPE and Flavenoids are known to be the most effective substances responsible for most of the biological activities in propolis (18) .
Besides its antioxidant properties; propolis possesses other various biological activities. It has been reported to promote wound healing (19) . It also possesses antibacterial (20) and anti-inflammatory properties (21) which have a beneficial effect on bone regeneration. Thus propolis powder as a natural product having multiple biological effects can be used to enhance bone regeneration.
From all of the above information, both NanoBone graft and propolis powder can be used in bone regeneration. The aim of this study is to compare the effect of both materials on inter-radicular bone regeneration.
MATERIALS AND METHODS

A) Material Study Animals
Three adult male Mongrel dogs, about 18-24 months old, weighing approximately 18-24 Kg were selected for this study. The animals were adapted to the housing conditions during the study period.
Study design:
A split mouth study design was conducted. Grafting materials: 1-Nano-Bone grafting material (NanoBone®) (ARTOSS GmbH Company, Rostock, Germany): A synthetic bone graft composed of nanocrystalline hydroxyapatite embedded in a matrix of silica gel (approx. 24% by weight) which is porous down to the nanometer size range. • Two reference notches were made on the mesial and distal root surfaces at the base of each defect. These notches acted as reference points in the histologic examination and histomorphometric measurements.
• Root planing and conditioning were done.
• A split mouth design was conducted in all dogs. On both sides; GTR procedures were carried out. On the right sides, the created defects were filled with NanoBone graft material and then covered by collagen membranes. While on the left sides; the created defects were filled with Propolis powder then covered by collagen membranes. 
Postoperative Care
The animals received:
• Appropriate antibiotic (Ampicillin, Eipico, Egypt) that were given intramuscularly in the first day, and then mixed with dogs' food for seven days.
• Analgesics (Brufen 600 mg Abbot GmbH, Germany)
were given intravenously in the first day.
• Dogs were fed on soft diet in the postoperative period to reduce the possibility of local trauma to the operating sites.
Euthanization of animals
After one month, the dogs were euthanized with intracardiac injection of xylazine+ ketamine, following successful euthanasia, the carcass were decapitated and the lower jaws were dissected out then bisected into two halves. Then the lower jaws were immersed in 10% neutral buffered formalin for one day and then segments containing the operated teeth were dissected out, left in the same percentage of neutral formalin (10%) for 4 days. After that they were processed and prepared to obtain mesiodistal 5 microns' thick sections. Finally, the sections were stained with H&E stain to be examined with the light microscope. Histomorphometric analysis of the regenerative process outcome On the histological sections measurements were performed using (Image J) software (23, 24) in order to calculate the following parameters: 1-Mean percentage of bone fill in the created furcation defects.
2-Mean percentage of the newly formed bone surface area.
Three sections of tissue from different three standardized depths were used to choose from for quantification of each block. One photograph was taken from the best of each three sections using the same magnification power for all photographs and containing the inter-radicular region between the two roots of the tooth, parts of PDL and parts of the adjacent two roots. Since six tissue blocks of specimens were made for each group, a total number of 18 sections for each group were obtained and photographed for histomorphometric analysis.
Steps of measuring the mean percentage of bone fill in the furcation area: 1-A straight line was drawn on each photograph from the beginning of the furcation area at the fornix till a line at the most apical end of the created defects marked by the notches made on the roots. 2-This line was drawn to set a scale of 5 mm on the photograph converting image pixels into millimeters. 3-Another straight line was drawn from the most coronal end of the formed inter-radicular bone till the apical line at the notches to measure the height of newly formed bone. 4-The height of newly formed inter-radicular bone was divided by the total vertical length of furcation defect to measure the percentage of bone fill of the furcation defect.
Steps of measuring the formed bone surface area (25): 1-A rectangle with standardized dimensions (2 x 1.5 cm) was drawn on each photograph containing the interradicular regenerated bone, parts of the two adjacent roots and PDL tissues to be measured using the image J program. 2-The total surface area occupied by the bone marrow, parts of the PDL and adjacent two roots of the tooth were selected and subtracted from the total surface area of the whole rectangle to measure the newly formed bone surface area.
STATISTICAL ANALYSIS
Mean values for each variable were calculated for each group. Differences were analyzed using t-test.
RESULTS
Clinical Observations
All animals tolerated the surgical procedures well. Following the surgical procedures done in the two study groups, healing was uneventful and no adverse reactions such as postoperative infection were noted following surgery in the treated teeth of the animals in both groups.
Histomorphometric results
Data obtained from the histomorphometric analysis regarding the percentages of bone fill and bone surface area showed comparable results in both groups with overall higher values for the propolis group.
After one month, the mean percentage of bone fill in the furcation area in defects treated with propolis was 86.79 ± 5.41% which was higher than that in NanoBone group (82.48 ± 3.04%). The data revealed a statistically significant difference between both groups (p=0.007).
[ Table 1 ] (Figure 5) . However, for the mean percentage of bone surface area the values for propolis group was slightly higher than that for NanoBone group but without statistical significance (p>0.05). After one month, the mean percentage of bone surface area in propolis group was 75.1 ± 5.95 % compared to 74.8 ± 5.9 % for NanoBone group. [ Table 2 ] (Figure 6 ). 
DISCUSSION
Management of furcation defects presents one of the greatest challenges faced in the management of periodontal diseases (26) . The ultimate goal of periodontal therapy is periodontal regeneration which means restoration of the periodontium to its pre-disease state renewing the lost alveolar bone, cementum and PDL (5) . GTR approach combined with grafting material was utilized for this study as it is considered the most predictable way to achieve periodontal tissue regeneration. Combining bone substitute with the membrane prevents the barrier membrane from collapse and thus ensures space maintenance (27) .
Owing to the limitations of most of the current bone grafting materials, it was necessary to search for alternative products. Natural medicine products offer natural and costeffective intervention to modulate the course of many chronic diseases and help regenerating many living tissues. Propolis is considered one of the natural products proven to have bone regenerative effect.
Although the effect of propolis on bone tissue healing and regeneration has been studied intensely, to the best of our knowledge till date, this study is the first to topically use propolis as a bone replacement material in periodontal (alveolar) bone defects. This experimental trial evaluates histomorphometrically the bone regenerative potential of propolis with regards to one of the synthetic bone grafting materials experimentally and clinically proven effective (NanoBone).
The histomorphometric analysis of the two groups revealed the high bone regenerative potential of both NanoBone graft and propolis with nearly comparable results. This was represented by high values of percentages of bone surface area and bone fill in the furcation defects.
The mean values of surface area of the inter-radicular bone after one month were 75.10 ± 5.95% & 74.78 ± 5.88% for propolis and NanoBone groups respectively. These values shown in the current study exceed that reported by Gheith. et al. (25) who measured the percentage of bone surface area in dogs' class II furcation defects. In their study after one month, the mean percentage of bone surface area in the study group treated by β-tricalcium phosphate graft with modified perforated membrane was 50.57 ± 7.66% while that of the control group treated with β-tricalcium phosphate graft and occlusive collagen membrane was 43.11 ± 4.98%. This positive difference in the current study might be due to the greater regenerative effect of both materials used.
The mean percentages of bone fill at the furcation defects in the present study was 86.79 ± 5.41% & 82.48 ± 3.04% in propolis and NanoBone groups in order. These values overweigh that reported by Shahabuei et al. (28) in a study examining the effect of Bio-Oss graft with platelet-rich plasma (PRP) on bone regeneration of dog class II furcation defects. They found around 60% percentage of bone fill in the furcation defects after three months of treatment. These results show up the superior effects of propolis and NanoBone in bone regeneration more than the above mentioned materials.
The bone regenerative ability of NanoBone graft can be attributed to its inherent features. The manufacturing procedures of NanoBone depending on the sol-gel technique resulting in numerous interconnecting pores of several nanometers to micrometer size ranges provide an excellent osteoconductive and osteoinductive properties of the material (29) . The proven high osteogenic ability of NanoBone graft in the current study agree with many experimental and clinical studies done on NanoBone graft (15, 30, 31) . NanoBone graft was found to enhance osteoblastic proliferation and differentiation through the nano-roughness and enhanced adsorption of multiple bone morphogenetic proteins such as osteocalcin (OC) and osteopontin (OP) (12, 30) .
Concerning propolis, there are several mechanisms that can mediate its high bone regenerative potential. The antioxidant activity of propolis aids its oseogenic ability by inhibiting osteoclastic activity and promoting osteoblastic activity (32) . The anti-oxidant role of propolis and its effect on bone healing was confirmed by Ahmet Guney et al (32) .It was found that propolis increases a lot of bone formation markers as osteocalcin (OC), oseopontin (OP), alkaline phosphatase (AP), osteoprotegrin (OPG) and decrease the bone resorption ones as N-telepeptide of type 1 collagen and RANKL (33) . Propolis phenolics were reported to modulate the accumulation of type I and III collagen and enhance the cumulation of chondroitin sulphate and hyaluronic acid which help bone to regenerate (34) . Another mechanism that strongly elucidates the tissue or bone reparative/regenerative properties of propolis is that it contains many compounds which act thoroughly to enhance cell proliferation through the activation of ATPase and tetrasol reductase enzymes. This increases the mitotic index facilitating tissue regeneration and reducing the healing period (35) .
From all of the above information, propolis can be used safely as a bone substitute. However, further studies should be conducted to evaluate the use of propolis as a bone replacement material in other periodontal osseous defects or around dental implants.
CONCLUSIONS
Within the limitations of this experimental study, it could be concluded that: 1-Both propolis and NanoBone graft materials possess exceptionally high bone regenerative capacity. 2-Propolis has proved itself as a successful natural and costeffective bone replacement material that can be used safely in bone regeneration of furcation defects.
